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Unit — I Electrostatics

1. Electrostatics:-

The branch of physics which deals with the study of charges at rest & the forces & fields,
potential of charges is called electrostatics.

* Electrostatics was discovered around 600Bc by a Greek philosopher Thales of Miletus. He
showed that when amber was rubbed with a cloth, then cloths starts attracting small piece of paper.
In Greek amber 1s called electron so phenomenon was called electricity. (Amber is a yellow gum like
substance obtained from old plants).

* In 1544 — 1603 Sir William Gilbert found that a force was present after rubbing of amber or any
other substance called electrostatic force.

* In 1731 Stephen Gray found that charge can be moved through a metal for a long distance but
not through a thread. This leads to two types of materials (1) Conductor (11) Insulator

*In 1733 Du Fay discovered that charges are of two types + ve charge and — ve charge.

* In 1750 Benjamin Franklin proposed one fluid theory. He believed that charge occurs due to
transfer of electrons. The excess electrons means -vely charged body & deficiency of electrons
means + vely charged body.

2. What is electric charge:-
The property of electrons due to which they experience force of interactions L”‘“% © G

1s called electric charge. Chﬁgp?l & 60—
v’ The electrostatic force is much larger than gravitational force. Opposite \
v' The charge on an electron is-1.6X10°C & charges attract >0
v Charge on a proton is=+ 1.6X107°C.
v Neutrons have no charge.

3. Two kinds of charge:-

In 1733 Du Fay discovered that charges are of two types. This can be shown by the following
simple experiments.

Exp-1.

When two glass rods rubbed with silk are brought near
each other then they started repel each other.

Exp.2

When two ebonite rods rubbed with cat’s fur are also (@) ®) ©
brought near each other, then they also repel each other.

- ~ N N7

But when a glass rod & ebonite rod are brought near @ @ ®
each other then they started attracting each other.
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e The property which differentiates the two kinds of charges 1s called polarity of charges.
e The charge on glass rod is called vitreous charge (Latin vitrum = glass) & the charge on
amber when rubbed with wool is called resinous charge (Amber is resin)

Now according to Benjamin frankly, charges may define as

1. Positive charge:-

The charge developed on glass rod when rubbed with silk 1s called + ve charge. Or if numbers of p
are greater than number of " in a body, then body is called +vely charged.

2. Negative charge:-

The charge developed on plastic rod when rubbed with wool is called negative charge. Or if
number of e 1s more than number of p™ in a body, and then body 1s called negative charged.

E, g:-Two kind of charge developed on rubbing

Column - I (+ ve charge) Column - I1 (- ve charge)

Glass rod, fur or cat skin, woolen cloth Silk cloth ebonite rod Amber rod plastic, rubber

4. Conductor, insulator & dielectrics:-

Conductor:-

A substance which can be used to conduct charge from one place to another place 1s called
conductor. Silver is the best conductor. Other examples are copper, aluminum, iron mercury, earth,
human body etc.

Insulator: -

A substance which cannot be used to conduct electric charge is called insulator e, g: - glass, rubber,
plastic, ebonite, mica, wax etc.

Dielectric:-

Dielectrics are that msulator which does not conduct electricity but on Appling external electric
field charge induces on it e, g: - glass rod & paper acquire charge on rubbing.

5. Gold leaf electroscope (GL E) .,-»W\g’:’b

It 1s a device which is used for detecting an electric Charge &identifying its %

polarity. It 1s consist of a vertical conducting rod passing through a rubber Am “

stopper fitted in the mouth of glass vessel. Two thin gold leafs are attached to ZZZ\\

the lower end of the rod. When a charged object touches the metal knob at the , et *ﬁ

outer end of the rod, the charge flow down throw the leaves. The leaves oo

diverge (moves away) due to repulsion of the like charge. The degree of

divergence of the leaves gives measure of the amount of charge. ]--Qr \A| ,’1{3‘5{;‘
aspulsion
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6. Method of Charging ™

(1) Charging by friction:-

When a body having loosely bounded electrons, 1s rubbed with a body having strongly bounded
electrons, then both the bodies becomes charged by transfer of e”.

E.g:- when glass rod is rubbed with silk then glass rod become +vely charged by transferring
electron & silk become -vely charged by acquiring electron.

» By loosing electron mass of the body decreases & by gaining e mass of body increases. As
electron have mass 9.1x107’ke.

(11) Charging by electrostatic induction:-

The phenomenon of charging a neutral body by placing it in the neighboring of a charge body is

called electrostatic induction.
) B
]

|

!

When a positively charge body 1s bring
toward a neutral body then charge
separation takes place in neutral body
which remams till the + vely charged
body remains near to the neutral body.

!

_1
!
f
!
]
!

These induced charges may be explained ffora Changing 1 Dusximg M| Taansfegive th .

. : : Chasgemt | Aptert

in following ways. . | 4o easal, i g
(a) Charging by induction ( by earthing a conductor);-

Suppose a neutral ball on an imsulating stand & a positively - n

charged glass rod 1is bringing toward it. Due to + ve charge on glass

rod, the —ve charge induce toward the glass rod in the ball &+ ve whs e
charge induce on opposite side of the ball. By earthing the + ve
charge of the ball, we get — vely charged ball. Hence charges can
by induced by earthing.
ep—pre—ys

(b) Charging by induction ( By separating conductors)

Suppose two metallic balls mounted on insulating stands are placed
in contact with each other. When a + vely charged glass rod is
bring toward the balls then the face of first ball toward rod become
— ve& face of second ball away from the rod becomes + vely
charged. After separating balls, the ball A acquire -ve charge &
ball B acquire +ve charge as shown 1n fig.

Q.1 how can you charge a metal sphere positively without touching it?

(d)

Ans: By bringing a negatively charged body towared metal sphere.
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(iii) Charging by conduction (contact):-

Charging by conduction requires the actual contact between the two bodies. %% 9
In case of gold leaf electroscope when glass rod rubbed with silk is touched = pab
to the knob of leaf, than leaf diverse from their actual position, which

remains separated even after removal of glass rod. Thus charging may be
done by conduction.

7. Polar & Non Polar Bodies:-

Polar body:- %

A body having different center of +ve& -ve charge is called polar body.

E, g: - HC1, H,O etc. R -ve
f'ah!ﬂ-’c. boola
Non polar body:-
A body having same center of +ve&k -ve charge is called non polar body. annmn
E, g:-H;, Oy, Ny, etc ovesive
fluorine is Partiol(y negotive (87) d\%
dehe 'a
<2 fig: Nem Polar.body

2 s+

S
o
hddroaz.ﬂ is P.ereo_ty Positive (87)

Q.2. (a) A comb run through one’s dry hair attracts small bits of paper. Why? What happens if the hair is wet

or if it is a rainy day? (Remember, a paper does not conduct electricity.)

Solution (a) this is because the comb gets charged by friction. The molecules in the paper get polarized by the charged

comb, resulting in a net force of attraction. If the hair is wet, or if it is rainy day, friction between hair and the comb

reduces. The comb does not get charged and thus it will not attract small bits of paper.

(b)Ordinary rubber is an insulator. But special rubber tyres of aircraft are made slightly conducting. Why is

this necessary?

Solution: to enable them to conduct charge (produced by friction) to the ground; as too much of static electricity

accumulated may result in spark and result in fire.

(c¢) Vehicles carrying inflammable materials usually have metallic ropes touching the ground during motion.
Why?

Solution: Reason similar to (b)

(d) A bird perches on a bare high power line, and nothing happens to the bird. A man standing on the ground

touches the same line and gets a fatal shock. Why?

Solution: Current passes only when there is difference in potential.
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8. Some Basic Properties & Electric Charge:- ™

Same as mass, charge is also a fundamental & intrinsic property of matter. As like charges repel
each other & unlike charge attract each other. There are three basic properties of charge.

@i Quantization Of Charge:- (Discrete Nature of charge )

According to quantization nature of charge, the charge on a body 1s always whole number multiple
of charge on an electron.

Le chargeonabodyq = +ne n=1,2,3.4,......... but n# Y%, 3/2, 1.5 etc.
Where e = 1.6x107°C (charge on an electron) & n is a whole number

» During rubbing, electron can transfer from one body to another body in a whole number. So charge is
quantized as half electron cannot be transferred.
» An elementary particle quart of very small life time have fraction of charge.

2 1 oy s . . .
+ze & = 3¢ (it is exception of quantization of charge)

Q.3. If 10° electrons move out of a body to another body every second, how much time is required to get a total
charge of 1 C on the other body?

Solution: Therefore the charge given out in one second is=1.6x10 °x10°C =1.6x10"°C.
9
The time required to accumulate achargeof 1 Cis t = 1 _625x10%5= 0B X10° years = 198
1.6 X 10-10 C/s 365 x 24 X 3600
years.

Thus to collect a charge of one coulomb, from a body from which 10° electrons move out every second, we will
need approximately 200 years.
v' One coulomb is, therefore, a very large unit for many practical purposes.
Q.4. how much positive and negative charge is there in a cup of water?
Solution: Let us assume that the mass of one cup of water is 250 g.

The molecular mass of water is 18g. so we can say 18g of water contain 6.022x10** molecules

. 6.02%1023
1g of water contain =—————molecules.

18
Therefore the number of molecules in one cup of water is = % x 6.02 x 10%,

Each molecule of water contains two hydrogen atoms and one oxygen atom, i.e., 10 electrons and 10 protons.
Hence the total positive or total negative charge = % x6.02x10”x10x1.6x 10 °C=1.34x 10’ C.

Q.5. A polythene piece rubbed with wool is found to have a negative charge of 3 x 10~ C. (a) Estimate the number
of electrons transferred (from which to which?) (b) Is there a transfer of mass from wool to polythene?
(a) When polythene is rubbed against wool, electrons get transferred from wool to polythene. Hence, wool
becomes positively charged and polythene becomes negatively charged.
Amount of charge on the polythene piece, q=-3x 1077 C
Amount of charge on an electron, e =-1.6 x 107*° C
Number of electrons transferred from wool to polythene =n
As q = ne Therefore, the number of electrons transferred from wool to polythene is 1.87 x 10"
(b) Yes. There is a transfer of mass taking place. This is because an electron has mass, me = 9.1 x 107> kg.
Total mass transferred to polythene from wool, m=m. xn =9.1x 10> x 1.85 x 10" = 1.706 x 10™** kg.
Hence, a negligible amount of mass is transferred from wool to polythene.
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(ii) Conservative nature of electric charge:-

According to law of conservation of electric charge, the total charge on an 1solated system remains
constant; it can neither be created nor be destroyed& can only be transferred from one body to
another body. E,g:-

(1) NaCl - Nat + CI-
Here charge on reactant is zero & charge on product = +1-1=0
So law of conservation of charge hold good.
(11) yray — (e )electron + e* (positron)
(Zero charge) — (-1) + (+1) = zero charge

(iii) Addition nature of electric charge:-

According to additive nature of charge, the net charge on an isolated system can be simply obtained
by adding all the charges scalarly.

If a system having charge qi, qz, 3 ...q,. Then total charge on the system q = q;+ qx+ qs ......... .
E.g. If system have four charges 2uC, 3uC, 4pC, -5pC
Then total charge q= 2uC+3 uC+4uC+ (-5 pC)=4nC

9. comparison of charge & mass :-

Electric Charge Mass
Electric charge may be + ve, -ve or zero. The mass of a body is always a positive.
Electric charge is always quantized. L :
2 : M Quantization of mass is yet not obeyed.
3 Charge on a body does not depend on its speed. Mass of the body increase with its velocity.
4 Charge 1s strictly conserved. Mass 1s not conserved as it may convert into
energy.

The electrostatic force between two charges may be Gravitational forces between two masses are

attractive or repulsive. always attractive.

p Electrostatic force between different charges may Gravitational forces between different masses
cancel out. never cancel out.

7 A charged body always has some mass. A body having mass may not have any charge.
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10. Coulombs Law In Electrostatics :-( Scalar Form) V'™

In 1785, the French physicist Charles Augustan coulomb measured the electric force between small
charged spheres by using a torsion balance & gave a law which is as below.

Coulombs law states that the force of imteraction between two o @
stationary charge 1s directly proportion to the product of magnitude of . =
charges & mversely proportional to the square of distance between the ‘1/| 3 w,_
charges. This force acts along the line joining among the charges.

I, e Fo qiqz --eeeieennnn 1
F riz ................. 2

Combining equations 1& 2 we get

9192
Foc 23

Or F = kg
Where k 1s constant of proportionality & its value1s k= 411;50 =9x10° Nm’C™

here &, is a another constant called permittivity of free space & its value is £,= 8.854x 10" *C*N"'m™

So coulomb’s law becomes

— kaqiqaz _— 1 q492 — 29192 !
F ) Ineg 12 9x10 2

Unite of charge:-

The S.I unite of electric charge 1s 1 coulemb.

As we know F=9x10° 2192
If F=9x10°N, q; = q, = q(say), and r = 1m
Then by Coulombs law 9%10°=9%10° ¢*

= g>=1C Or q = +1C

Hence if two equal charge repels each other with a force of 9x10°N when placed one meter distance
apart. Then charge 1s said to be one coulomb.

» The c, g, s unit of charge 1s Stat Coulomb ( stat C ) or electrostatic unit of charge (emu )

One stat coulomb is that charge which repel an identical charge in vacuum at distance of 1 cm with
a force of 1 dyne 1 Coulomb =3x 10’ statCoulomb (e m u)

» In electromagnetic c, g, s unit of charge is abCoulomb’s or electromagnetic unit of charge
(e mu)

1 coulomb = % abCoulomb’s = % emu of charge.
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Significance of coulombs law:-

(1) It tells us about the force which bounds the electrons around the nucleus to form a atom.
(11) It tells us about the force which binds the molecule to form solids & liquids

Limitations of coulomb’s law:-

(1) Coulombs law 1s applicable only on point charges.

(11) It holds good only when charges are in rest only.
11. Comparison between coulomb’s force &Newton’s gravitational force:-
Similarity

(1) Both obey inverse square law.

(11) Both forces are central forces.
(111) Both forces are conservative forces.
(1v) Both forces are directly proportional to product of interacting Patrick

Dissimilarity:-

(1) Coulomb’s force is attractive as ‘well as repulsive while Gravitational force is always
attractive in nature.

(1) Coulomb’s force is much stronger than gravitational force (10°°times)

(11)  Coulombs force depends upon the medmm in which charges are placed while gravitational
force does not depends upon medium.

» Q.6 How much stronger is coulombs force from gravitational force between a electron & proton separated
by r distance?

9,2 -11 2 2
_9x10’e _ 667x10 1m,2m,
Le. Fo == and s —
Fe 9x107 x(1.6x10719).2
e 3 —
Fm  6.6x10711x(9.1x1031x1.6x10~27
Fe 36
Or —=1.27%x10

FG

Hence Fe is 10 time stronger then Fg
» Q.7 : What is the force between two small charged spheres having charges of 2 x 10’ Cand 3 x 10” C placed 30
cm apartin air?

. _ 9 o 9 2x10 7x3x1077 3
Ans: F=9x10 “_}g; =F=9x%x10 WZGMO N

> Q.8:The electrostatic force on a small sphere of charge 0.4 uC due to another small sphere of charge — 0.8 uCin
air is 0.2 N. (a) what is the distance between the two spheres? (b) What is the force on the second sphere due
to the first?

Ans: (a) r=+144 x 10~% = 0.12m

(b) both have equal force so F=0.2N
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12. Coulomb’s L.aw in vector from:-

Suppose two charge q;& q; placed at A & B having position vectors 7; & 7, from origin O. Now
again suppose that charge q; exert ﬁm force on q,& q, exerts ﬁlz force on q;.

Then from coulomb’s Law g

N
= _1 a192 4 S
Fip = ameg gy 12 & T 1

Where 7, is a position vector acting from q, to q;.
Again from Coulomb’s Law force on q; to q

.
—_1 qiq92 4
F21 dmeglral2" 12 cvreenieiiciiaiiiennanss 2

Where #;,1s a position vector, which acts along q; from q,.

Cleally ?_212=' ?_221

So from eq” 2 we get

ﬁlz . _ﬁ21
Hence Coulomb’s Law in vector fromobey Newton’s third Law of motion
Also from diagram 1 = Fp— 1y (from A law of vector addition)
& fig = =1 (from Alaw of vector addition)

Soeq"1 &2 becomes

oo o@idx B o, A T
Fi; (- F==)

4 2o |7 —7 |2 |7y —72l icl

r qlqz —>
Or y . o &) I 4

.. r q192
& similarl Fop=21_ o ) BT 5
y 21~ e =) |3( 5 — 1)

Equation 4 and 5 represents Coulombs Law in Position Vector Form.

> Q.9: Four point charges q. =2 uC, qs = -5 puC, qc = 2 uC, and qp = -5 pC are located at the corners of a square
ABCD of side 10 cm. What is the force on a charge of 1 uC placed at the centre of the square?
Ans: 0

> Q.10. (a) Two small insulated charged copper spheres A and B have their centers separated by a distance of
50 cm. What is the mutual force of electrostatic repulsion if the charge on each is 6.5 x 10”7 C?

> (b) What is the force of repulsion if each sphere is charged double the above amount, and the distance
between them is halved?
Ans: (a) force between the two spheresis 1.52 x 10> N. (b) 0.243 N.
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11. Three equal charges,2 -0 X 107°C each, are held fixed at the three corners of an equilateral triangle of
side 5 cm. Find the Coulomb force experienced by one of the charges due to the rest two.

Ans 249N at 30° with the extended sides from the charge under consideration

12. Four equal charges2-0 X 1075 C each are fixed at thefour corners of a square of side 5 cm. find the
Coulomb force experienced by one of the charges due to the rest three.

Ans 27.5N at 45° with the extended sides of the square from the charge under consideration

13. Dielectric Constant or Relative Permittivity:- ""™P

Permittivity is a property of the medium which determines the electric force between the charges
situated in that medium.

Relative permittivity:-

As we know coulomb’s force between the two charge placed m vacuum 1s

1 qi1qz 1

O 4me, r2
Where &, is the permittivity in free space

Again force between the same charges, when placed in a medium 1s

— 1 9192
Bt Tl il 2

Here € 1s the permitivity in the medium

1 q192 1
- - F Ameg 2 . £ 1

Dividingeq” 1 &2 we get —* =T ez == —= g orK (note: k=

= £

£

il

and K =¢))

1

- N 2 4m g,

Where g, 1s called relative permitivity.

Hence relative permittivity may be defined as the ratio of force between two charges in vacuum to
the force between the charges in medium. Or

Relative permittivity may be defined as the ratio of permittivity in the medium to the permittivity in
free space.

v Hence coulombs law for material medium becomes

F.= 1 919z

M gpee, r2

Q.13. what will be the Coulombs force if two charges are placed in water?
Clearly sz? If charges are placed in water (¢,=80) then force between charges becomes F,= :—0

Here we can see that force reduces by 80 in water as compare to vacuum
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14. Force Between Multiple Charges: The superposition Principle:-

The principle of superposition states that if there are a number of charges exerting force on a single
charge, then total force on single charge will be equal to sum of all the forces exerted by individual
charge on the charge.

Suppose there are n charges q;, @z , q3...q, exerting force on a
charge qo. Then from coulomb’s law force on g due to q;

— 1 9091 > =
Is F(]l . —I BNE (T'O T'l) .......................................... 1

Again force on qg due to q 1s

> doq2 = =

Fyy =— To—12) ereeieieneneneinnn 2

02 4neg I?—,»o_?—,>2|3( 0 2)

Similarly

] Q0493 = =
Fy, =2 =0 —T3) i AL s 3
'03 4meo |fiy—5)3 ( 0 3) ;
1 I
] 1
1 I
1 I
1 I
1 I
I 1
1 I
0 — 1 1192
Fon ( 0 ) ............................ n

4’“0 I?’ —?’ |3
Adding all the eq" s we get

— ] ] 1 qoq1 e t?nt?z _ 1 fht?z _
F= Fo]_ + Foz + F03 ......... Fon o 17o—TL] (T'o T']_) + 4“50 Fo—2l? (T' T'z) " Imeg [Fo—7h |3 (T'O T'n)

rg ri rorz LV

= 45[20 ([_) ENE (TO - T'l) + o 2 ]3 (?')0 —?2) ...... = q: i (?')0 - ?n))

3 :
So total force on a charge B N —E— (7 — 1)
4m g, N
rQ ri

% In scalar form this expression may be written as

— qo n 4

F= 4me =02

[+] i
o] [ A
% In vector form F = fo yn _di_p
4 i=0 i

T e, -

nd
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15. Force on a point charge due to continuous charge distribution:-

A continuous charge distribution is a system of charge lying at infinitelly small distances from each
other. There are three types of continuous charge distribution.

(a) Linear or line charge distribution:-

Ifcharges are arranged in such a way that they seem to be like a line then the
distribution of charges is called line charge distribution.

da

The line charge density A may be defined as the charge per unit length. ¥

*
344 Y444

__charge _ dq

Ie =
length dl

2

(b) Surface or area charge distribution:-

If charge are arranged in such a way that they seems to be a surface (plane) then :

the distribution of charge are called surface distribution of charge #
The surface charge density 0 may be defined as then charge per unit area of the

conductor. A
I e - charge d_q .

area T ds Ty oU;;
(d) Volume Charge distribution:-

If charges are arranged in such a way that they seems to be like a volume,

then the distribution of the charges is called volume distribution of charge. i t..;. T,
- +
+ |+ + +
The volume charge density p may be defined as the charge per unit | 4, [ + 5+ :f..
+
volume of the conductor. L o A t 1_:""
+ 4 3=
. __ Charge . dq AR e T
L€ N\ volume  dv + <+ L3 ik . 4
¥* +
16 force due to continuous distribution of charge: Y _‘:_' ++ A\ 4
(i) Forces at a point due to continuous line distribution of charges:- .[ \ ;
dsv N

Suppose a point P having r distance from a pomnt O on continuous line
distribution of charge. Than small force at charge qgplaced at P due to small charge dq on small
surface ds may be given by coulomb’s law,

- dg
dF =L 1% p

4mey .
r *
But dq = Ad! where A is line charge density. : P
, + %
So dF = 112 p da
r dw +
= Adl i
For complete length F=_. 7 ks
(4] " 1-
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(i) Force due to continuous surface distribution of charge:-

Suppose a test charge qp 1s placed at point p having r distance from
small surface ds having charge dq. Then force on g 1s

: d
Where surface charge density 0= Eq = dq=ods

= ods ,
= dF=_L12¢
TMEg

—
r

So the force at p due to complete surface 1s

?’_ 1 J‘QoO’ ds ~
=3 3
TEQ 5

r

(iii) Force due to continuous volume distribution of charges.

Suppose a test charge q,is placed at point p having distance r from small volume dv having charge

. P_ 1 9049 4
dq._Then force on ggdue to dq dF = Tl
Bt
- —_— £SO <
where volume charge density P > dq = pdv
v
= dv .
MEg |
4
T
. = dv
Hence force at p due to complete surfaceis  F= = Q0P
(4]
5
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Electric Field

17. Electric Field:-

The space around a positive charge in which its force of interaction may be experienced is called
electric field.

Electric field intensity:- "™

The force experienced by a unit + ve charge in the field of another charge is called electric field
intensity. It is a vector quantity & denoted byTFf.

—
F

N
Le E =1lim —
qo-0 qo

2

Here the charge qoshould be so small, that it does not disturb the position of original charge.

= = Pl ~
Also E=L£=_1 q"zqr: 1 —qgr
qo TMEq 4dnmeq
¥l 0 v
1
Or E= X
4me, re
: . . F__ MLT~2 .
Unit &Dimensions:-As EZ—ZT = [MLT 3471
q

& unit of  E=NC™! or volt per meter.

¢ electric field is stronger near the charee & decreases _exponentially with distance & becomes zero

at oo,

Physical Significance Of Electric Field:- ™

By knowing electric field at any point, we can determine force on a charge placed at that point.
I.e.  Electric force = Charge X Electric field
Thus electric field experience a intermediate role between two charge
. ; . N
As charge ——>electric field <—— charge

It is a characteristic of the system of charges & is independent of the test Charge that we place to
determine the field.
Q.14: shows tracks of three charged particles in a uniform electrostatic field. Give the signs of the three

charges. Which particle has the highest charge to mass ratio?
Answer: Opposite charges attract each other and same charges repel each other. It

can be observed that particles 1 and 2 both move towards the positively charged e /__,,.-{k

plate and repel away from the negatively charged plate. Hence, these two particles v ~Y

are negatively charged. ——

It can also be observed that particle 3 moves towards the negatively charged plate —*———»___ I
and repels away from the positively charged plate. Hence, particle 3 is positively et TN 0
charged.

The charge to mass ratio (emf) is directly proportional to the displacement or amount of deflection for a given
velocity. Since the Deflection of particle 3 is the maximum, it has the highest charge to mass ratio.
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18.Electric Field due to a point charge:-

Suppose a point charge qois placed at point p having r distance from a charge q placed at point o.

Then according to coulomb’s law the force of interaction between

- . - 1 w ~
The charge 1s F= o7 q 0
& the electric field at point p 1s 0 g
0 2
r P
P =1 F_ 1 99, _ 1 42
E= llm%—m qo  ¥eo ;,2% r = e ;,2 r
The magnitude of electric field 1s
- 1 9
E= 4 eg 2

* Clearly E « = it mesas E is same in all direction & does not depends upon direction of r. Such a

field is called spherically symmetric or radial field.

19. Electric field due to a system of point charges:-

Suppose qo charge is placed at point p having Distances#, 7 , 73 ........ 7,,. From charges q
inriic e qu. Respectively. Then total electric field at qo due to all charges may be calculated as
given below.

Electric field at q, due to q; Charge 1s

1 qoq1
01 4ns, b 10

Again electric field at qo due to q; charge 1s

= 1 qoq1 4
02 4neg r2 20

& Electric field at qq due to q3 charge 1s

- 1 qoq1
03,= Jran 2 130

Similarly electric field at qgdue to q, charge will be

= 1 qoq:1 ,
On 47, r2 no

Now the total electric field at q, due to all charges will be

= = = = = 1 qoq1 4 1 qoq1 , 1 qoq1 4
E=E,,+ Eyo +Eyxs + Equ+ - Ey =———F g F+———Fo e, e
01 02 03 04 On = g 2 110 T2 T20 tne, rz n0
qo g1 A g2 A q3 a dn A
Or E= (—'r =7 =190 e e ee eee eee eee e T )
e, 2110 + Zhot 5730 2 o
Or E= Yozt
4ne, N
T
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Q. 15: Two point charges g, = 3 BC and gz = —3 BC are located 20 cm apart in vacuum.
(a) What is the electric field at the midpoint O of the line AB joining the two charges?
(b) If a negative test charge of magnitude 1.5 x 10° C is placed at this point, what is the force experienced by
the test charge?
Ans: (a) The electric field at mid-point O is 5.4 x 10° N C " along OB.
(b) A test charge of amount 1.5 x 10~° C is placed at mid-point O. q=1.5x 107 C
Force experienced by the test charge=F = gE=1.5x10"x54 x10°=8.1 x 10° N.
The force is directed along line OA.
Question 16: An oil drop of 12 excess electrons is held stationary under a constant electric field of 2.55 x 10* N
C! in Millikan’s oil drop experiment. The density of the oilis 1.26 g cm 3.
Estimate the radius of the drop. (2=9.81ms ;e =1.60 x 10 C).
Ans: Excess electrons on an oil dopn=12. E=2.55x 10*NC™
And p=1.26 gm/cm’ = 1.26 x 10° kg/m’.g =9.81ms *. e =1.6 x 10 "’ C .Radius of the oil drop=r
Force (F) due to electric field E is equal to the weight of the oildrop F=W
gE = mg  Where, q = Net charge on the oil drop = ne
m = Mass of the oil drop = Volume of the oil drop x Density of 0il = 9.82 x 10~ kg

Therefore, the radius of the oil dropis r = } ﬂ::;; =9.82 x 10" mm.

20. Electric field lines:- *"™P

The electric field lines are the path followed by a unit positive charge when placed in the field of a
charge. These lines are imaginary lines & tangent drawn on these lines gives the direction of
electric field at that point.

Properties of electric field lines:- \\ // \\" /
1. The electric lines of forces are continuous curves having no \ . /'/ \\_q//
'Pz IP
TIRE TR
2. These lines originating from a +ve charge in Outward direction 1
& originating from +ve charge 1s in inward direction.

3. The tangent drawn on an electric line of force gives the direction of electric )
field at that point. /- -\’

any breakages.

4. No two electric lines of forces can mtersect each other. Because if they B
do so, 1t means there are two direction of a single field at same point. This —;P_{*—_—.
1s not possible. - <> E

5. The electric field lines are always normal to the surface from which they

originate or end.

6. Larger the field lines in a region means more is electric field in that region &
vice versa.

7. These lines do not pass through a conductor because electric field inside the

conductor 1s always zero.

8. Electric field lines emits from a +ve charge & ends at —ve charge.
- +) (+ -—
9. Electric lines of forces of two positive charges repel each other.
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21. Electric dipole:- ™P

An electric dipole is consist of two equal & opposite Charge —q & +q separated by a small distance
2a.

Electric dipole moment:-

The product of either charge of electric dipole & the distance between the charges is called electric
dipole moment. It is denoted by P.

-q O O+q
Le. P =+q.2a 2a

v’ Electric dipole moment is a vector quantity having direction from —ve to +ve.

Unit &Dimensional formula:-

(1) The S.I unit of electric dipole 1s Coulomb metre (Cm)
(11) The practical unit of electric dipole is Debye (D)
1D = 10" Franklin X 1A°
=10""% % x10° x107° (+ 1C =3 %10’ Fr)
Or ID =333 x 10°°Cm

Dimensional formula: - As P=q.2a=[AT] [L]= [M°L TA]

v" An ideal dipole has very small distance between the large charges.

v An electric field produced by an electric dipole 1s called dipole is called dipole field.

Physical Significance of Electric dipole:

An electric dipole has a common existence in Nature. A molecule consist of a +ve& -ve charge 1s an
electric dipole. It 1s used in study of effect of electric field on msulators & in study of radiations of
energy from an antenna:

Question: 17 Two particles with equal charge magnitudes 2.0 X 10~7C but opposite in signs are held 15 cm
apart. What are the magnitude and direction of the Electric Field E at the point midway between the charges?

-7
Ans E,p; = 2E; here E; = ~2210°C _3 2% 10° = Enee = 6.4 X 10° N/C toward left

(12—5><10_2m)
Question 18: A system has two charges g, = 2.5 X 1077 Cand gqg = —2.5 X 107 C located at points A: (0,
0, - 15 cm) and B: (0, 0, + 15 cm), respectively. What are the total charge and electric dipole moment of the
system?

Answer: Distance between two charges at points Aand B,d = 15 + 15 = 30cm = 0.3m

Electric dipole moment of the system is given by, P = qA Xxd =qB X d = 25X1077 x03 =75 X 1078 Cm
along positive z-axis.

Therefore, the electric dipole moment of the systemis 7.5 X 10~% Cm along positive z-axis.
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22. Electric Field at Arial Point of an electric dipole:- ™

Suppose a test charge qp 1s placed at point p having r distance from centre of the dipole+q .2a.

Now electric field at pomt p from charge —q at A 1s

- _ 1 —q
|Ea| = 7 g 1 i
a 4 a N\
& Electric field at P due to q charge at B 1s A AV —A D P
) L q 5 S e
|EB| :4?IE (?’—a)22 \ j
0 Y

So the net electric field at P will be

1 —q 1 q . q 1 1 ]
dmey (r+a)2  4dmeg (r—a)? dneg —(r—a)? (r+a)?

[E] = |Ea| + |Es|=

q r?’2+a2+2m’—?’2—a2+2ar

_q ((Ha)z—(?’—a)z) B
_4irr£0 [r+a) (r—a)]? B 4?[£0L (r2—a2)2 ]
] _ q.4ar
Or 4meg(ri—a?)?
Or E=—120 % (+ 4ar=2a.2r )
: 4meg (r2—a?)? ’ = )
- —sz LA =
Or = ey (+ q.2a=P)
In vector f01‘111 E ! "

 Ag gg (r2—a2)2

Le electric field 1s 1n direction of electric dipole moment.

Special cases

2Pr 1 2P
dmggrt  4meg r3

v’ If dipole is small then @ << 7. Here a’ can be neglected. In this case E=

. 3 1. . .
v’ Electric field varies as —in case of electric dipole.
2Pr

dwegat

v’ Ifpoint p lies near the dipole then we can take. E=

Question 19: Two charges 10 pC and —10 pC are placed at points A and B separated by a distance of 10 cm.
Find the electric field at a point P on the perpendicular bisector of AB at a distance of 12 cm from its middle
point.

2pr

——=82x10°NC!
4n£0(?’2—a2)2

Ans - E =

www.vartmaaninstitute.com 18




SANDEEP SONI’S PHYSICS COMPETITION CLASSES
VA RT M AAN (10+1, 10+2, IIT-JEE (Main & Advance), NEET, B.Sc. Agriculture, NDA)
:| N ST|TUTE OPP: JHUNTHARA DHARAMSHALA NEAR SURKHAB CHOWK, HISSAR ROAD SIRSA

away to your bright Juture Unit -1 Electrostatics PH- 94676-12340, 8708535733

QLElectric field at an equatorial point of a dipole:-M'Imp

Suppose a test charge qq 1s placed at point p equatorial to electric dipole + q.2a.

The distance of p from centre of the dipole o is . As shown 1n fig. Now electric field E 4 at p due to
—q charge at A 1s toward PA& electric field at p due to +q charge at B is toward PB.

- 1 =1 1
Such that |EA| = pr (le)z = |EA| = E(azqﬁ .................... 1
— _ 1 q = _ 1 q
& |EB| = ey (PB)? = |EB| = RW ..................... 2
Cleary from equation (1) & (2) |§A| = |§B|

Now resoling |§A| & |§ B| mnto rectangular components; we can see that |§A| sinf & |§B| sinf are
equal and opposite so cancel out.

Net electric field 1s E= |§A| cosB + |§3| cos0
Or E=2|§A| cosO ..., 3 (IEA[ — l§3| )
Here |§A| = m & cos = % = \/ﬁ

a

q
4rmegr2+a?) VaZ+r?

So from equation (3) E=2|§A| cosf= 2

2qa
3
ey (ri+a?) /2

Or E = L

= 3
dmeg(ri+a?) /2

By —
In vector from E = %
4meg(ri+a?) /2

Here —ve sign indicate that electric field is in opposite direction to P.

—
—P

*If electric dipole is small then. a<<r. Then electric field becomes E=

4meqr3

Clearly Ex —

r3
Q 20: Two charges 10 pC and —10 pC are placed at points A and B separated by a distance of 10 cm. Find the
electric field at a point P on the perpendicular bisector of AB at a distance of 12 cm from its middle .point.

Solution: E = 4.1 X 10°NC ! /En

i
Pfr—wF
i

Fg

12em

10uC -10uC
A c B
—10cm ——
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*Relation between E axial &E equatorial for a short dipole

2P

E.xial i 47:501'3_ )
- P
E equitonal 4-?:5(]1‘3
Or E axial = 2E equatorial

s
P

dmega3

*In case of point plying nears the dipole we can take E,q, .=

24.Electric Field at any Point of electric dipole:- ™

Suppose a test charge lying at any point P having distance & from the centre of the dipole+ q.2a
inclined at an angle 6. Now to calculate electric field at point P due to dipole, resolve dipole into
two components, such that point p lies at axial &equatorial points of the components.

Again suppose that point P lies at axial point of dipole A’B” &equatorial point of dipole A”’B’’.

Then Net electric field at pomt P is

|E| = (E'cos0)? + (E" sin6)?.....0uu......on 1
e : ;2P 5 ~ P
Here for sortdipole  E_ ;1 = pr Mg orial = ™
S |§| _ (2,0 cose)2 , (Psine )2
° 4megr3 4meqgr3
Or |§|= 41: 13.(\/4c0526' + sin%0)
0
Or |E|= 4n: rS(\/Bcoszﬁ + cos%0 + sin%6)
0

|E| = ——+3cos?6 + 1

4Teg T

Special cases

v’ If point P lies at axial point of electric dipole then 8 =0° = cos0°=1
2P

= E=
4meggr3

v’ Ifpoint P lies at equatorial point of electric dipole then 8 =90° = ¢0s90°= 0
P

= E=
4megr3
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25. Torque on a electric dipole placed in uniform two dimensional electric field:- ™P

Suppose a electric dipole +q.2a 1s placed in a uniform two dimensional electric field E. Then dipole
experience two equal & opposite forces in two directions which results into torque on the dipole.

Torque = force X1 distance

Or T=+4qgE X BN / A F—E;-

+q > +q
Where BN = AB sin6 = 2a sin@ 5 / i -
So = i

E
| e
1= qE.2asin6 /‘ /Q(, ;ﬁ »E
o
Or 1= PEsin6 b o

In vector from T=PxE -gE B 2acosq N

The direction of T can be giving by right hand screw rule.

v’ Torgue has direction L to place containing P & E
v When dipole align to direction of electric fieldthen # =0. = = sin0°= 0 So t=o0
v When dipole linsL to direction field then- 8=90° = sin90° = 1 = 1=PE (max)
v If6 = 90° & E=1NC' ‘then z=P

Hence dipole moment may be defined as torque acting on an electric dipole placed L to electric
field of unit strength.

*»¢ Net force on electric dipole.in uniform electric field is zero but 0

Question 21: An electric dipole with dipole moment 4 x 10 C m is aligned at 30° with the direction of a uniform
electric field of magnitude 5 x 10* N.C™". Calculate the magnitude of the torque acting on the dipole?

Ans: magnitude of the torque actingon the dipoleis 107* N m.

26. Potential Energy of Electric Dipole in Uniform Two dimensional Electric field:- tnp

Suppose an electric dipole is placed at an anglef in a uniform two dimensional Electric field. Then
torque experienced by electric dipole is

7= PEsin 0

Now suppose we want to rotate the dipole through small angle d6. Then amount of work done to
rotate the dipole 1s

A " o
A——r E
dW = 1.dé @ﬁ\q‘o ;q
& /!g E
Or dW = PEsin6.do % s
2QqQ -9/ ) __ 1 -
- gE 2acosqg N

Now to calculate total work done to rotate dipole from 6, to 6, is

W = [’PEsin6do
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- PE 992 sin 6. do
1

=PE[— cos B]Si
=-PE [cos B, — cos 6]
Or W  =PE[cos6; — cosb,]
This work is store in the form of potential energy so. U =PE [cos 08; — cos 0,]

27. Electric field at a point due to continuous distributions of charge:-

(1) electric field due to continuous line distribution of charge:

Suppose a point P having r distance from a point O on continuous line distribution of charge._ Than
small force at charge qgplaced at P due to small charge dq on small surface ds may be given by

- dq .
coulomb’s law, dF = L 3¢

T dmeg 2
r

- : +
But dq = Adl where A 1is line charge density.
+
21 qoAdl ,
SO dF - E . 2 r dn * ’L’
' +
For complete length F = 4“180 q"—’*‘;” 7 dﬂ' _:'
' 1,
So electric Field at point P may be as given as F=E = ilz r
do dmeg

Q.16 : An infinite line charge produces a field of 9 x 10* N/C at a distance of 2 cm. Calculate the linear charge
density?
Ans: the linear charge density is 10 pC/m.

(i1) FElectric field due to continuous surface distribution of
charge:-

Suppose a test charge qo.1s placed at point p having r distance from
small surface ds having charge dq. Then force on g 1s

: d
Where surface charge density o= Eq = dq=o0ds
. ds .
So the force at p due to complete surface 1s  F= 180 2072
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(iii) Electric field due to continuous volume distribution of charges.

Suppose a test charge qgis placed at point p having distance r from small volume dv having charge

dq.

Then force on ggpdue to dq dF = L ‘“’dg 7

L

Where volume charge density p=—> dq = pdv

1 [ 9oPdv .

Hence force at p due to complete surface is F= .

ﬂ

4meg
s

r

So the electric field at pomt P will be E=q£ = - f&‘; r
0 TEQ

T

28. Electric Field at a point on the axis of charged circular ring:-

Suppose a point P having x distance from centre of charged circular ring. Now small electric field
dE at point P, due to small charge dq of length d¢ ‘is as shown in fig.

Here we can see that the components dE sin 6 are canceled out. The net electric field at P 1s

E=[dEcosh............ (1)
Her dE=——"L_ & cosh = ==
s 4ngg(a+x2) K Va%is?
. _ 1 dq . x
So from (1) E -~ " @21y

1 X
Imeg (a2+ x2)3/2 f dq

As q 1s uniformly distribution. The charge dq= %. dl

S SRR
E dney (a2+x2)3/2 " 2ma
. _ 1 xq ) B
o = 4meg (a2+x2)3/2 (-fdl 2ma)
v Ifp lies for away then a << rthen E = 4?[15 f_z
0

This is same as in case of electric field due to point charge.
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